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FORE WORD 

The investigation to determine flow separa tor  
effects was conducted under NASA Apollo contract  
NAS9- 150 on 16  November 1962 in the ,high Mach leg 
Langley Unitary Plan Wind Tunnel. 

This repor t  was prepared by C.E.  Mitchell and 
C.L.  Berthold of the Wind Tunnel Pro jec ts  Group, 
Los Angeles Division of North American Aviation, Inc. 
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e 

1 .  INTRODUCTION 

Dynamic stability t e s t s  were  conducted on the 
0.055-scale Apollo model (FD-2) in the Langley 
Unitary P lan  Wind Tunnel (high Mach leg) on 
16 November 1962 to determine the dynamic 
stabil i ty derivatives for the cur ren t  launch escape 
configuration (1 16-inch tower and 280-inch rocket) 
in the supersonic  speed range. 
at Mach numbers  3.00, 3.50, 3.96, and 4.65 for  
flow separa tor  d i sc  on and off with the oscillation 
center  on the design center of gravity of the full- 
sca le  vehicle. 

Data were  obtained 

Reynolds numbers, based on maximum model 
diameter ,  were  in the o r d e r  of 1 /91  x 106 to  
2.63 x 106. A l l  dynamic stability derivatives were  
measu red  during forced oscillation of the model in. 
pitch only with an  amplitude of approximately *2 
degrees  about the oscillation center a t  angles of 
attack f rom -18 to  t 4  degrees .  

This report  presents only basic  wind tunnel data 
so that the t e s t  resul ts  can be made  available at the 

reported in  a separate  publication. 
Foaaib?e datz* Ana~iiaia  of I c3 U I L 3  1 L -  xi!? be 
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0 

II. DISCUSSION 

In previous tests at supersonic speeds, physical l imitations imposed 
by the s ize  of the model and the dynamic balance made it impossible to 
locate  the oscillation center  ideally on the design center of gravity of the 
full-scale vehicle. 
modified within the confines of the tower legs  to allow positioning of the 
balance oscillation center on the design center of gravity. 
were  made with flow separa tor  disc on and off (configurations E52T21C19and 

On the cur ren t  model, the command module apex was 

Investigations 

E5 1 2 1' 1 9)- 

Reynolds numbers of 3.0 x 106 to  4-0 x l o 6  were  requested for this 
tes t ,  but because of a limitation of available power (40 megawatts maximum), 
Reynolds numbers in the o rde r  of 1.91 x 106 to 2.63 x 1 O 6  were obtained. 

Several  techniques a r e  available for measuring dynamic stability deriv- 
a t ives  of models i n  wind tunnels. 
"inexorable" method in which the model is mechanically fcrced to oscillate 
in a single degree of f reedom at a known angular frequency and amplitude 
(*2 degrees)  while measurements  a r e  made of the moment  required to 
sustain the motion. -A more  complete description of the apparatus and 
methods used can be found in References 2 and 6. 

This t e s t  was performed using the 

Plotted and tabular data  a r e  presented in the appendixes and in NASA 
standard coefficient form refer red  to the body sys tem of axes  originating at 
the oscillation center.  
indicate the aerodynamic damping in pitch (Cmq t C m k )  and oscil latory 
longitudinal stability (Cmd - k2Cm. ) fo r  tes ts  with oscillations in pitch. 9 
The plotted data present  these parameters  as a function of angle of attack. 

Dynamic stability parameters  a r e  employed to 

Because of a malfunction in the Schlieren system, photographs were  
obtained at only Mach number 4.65 for the disc-on configuration (a = -2 ,  
-4, and -8 degrees) .  This problem was la te r  corrected,  and photographs 
were  obtained at Mach numbers 3.00, 3.50, 3.96, and 4.65 with the disc  
off (oc= 0, -4, and -8 degrees).  These Schlieren photographs were  taken a t  
s e t  angles of attack (nonoscillating model) and a r e  presented in Figures  8 
through 12. 

- 2 -  
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1 1 1 .  MODEL DESCRIPTION 

The 0.055-scale  Apollo F D - 2  model  tes ted was  of the cur ren t  launch 
escape configuration (1 16-inch tower and 280-inch rocket). 
moment-of-inertia effects,  the model w a s  constructed f rom lightweight 
ma te r i a l s  whenever consistent with the s t ruc tura l  integrity as establ ished 
in  Reference 7. The command module was constructed of aluminum alioy 
(7075-T6); the escape tower was constructed of Armco steel  (17-4PH SST); 
and escape rocket  was constructed of magnesium (QQ-M-31). 
w e r e  ae r odynarnic ally s m 00th. 

To reduce 

All pa r t s  

The apex of the command module was modified within the confines of 
the tower legs to allow the oscillation center  of the balance to be positioned 
on the design center  of gravity of the full scale  vehicle. 
command module is shown in Figure 5. 

This a l te red  

To allow pitching through angles of a t tack inear  proposed flight 
attitudes, the launch escape system was constructed so that its axis of 
symmet ry  and balance centerline fo rmed  an angle of 8 degrees .  

MODEL NOMENCLATURE 

Symbol 

E5 1 

E52 

T2 1 

c 1 9  

Description 

Escape motor. Length 
= 279.65 in. ; 36' 55' 
flared skirt. 

Escape motor. Length 
= 279.65 in. ; 36O 55' 
flared skirt with 65 in. 
diameter flow separator 
disc and fairing from disc 
to skirt. 

I Drawing No. Sketch 

7121-01072-4 
- 11 

7 12 1- 0 1072- 4 
-6-11 

Figure 3 

Figure 3 

Tower structure. Length 
= 116. 1 in. 

7121- 01072- 9 Figure 4 

Command module. Maxi- 
mum diameter = 154. 0 in. 
Apex altered to correctly 
position balance. 

7121-01072-3 
-5-7 

Figure 5 
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F U L L -  SCALE DIMENSIONS 

0 
Escape Rocket, E51 

Total  length 
Diameter 
Nose radius 
Nose included angle 
Skir t  base  d iameter  
Skir t  flare angle 
Diameter of ring forward of s k i r t  

Escape Rocket, E52 

Same as E51 with flow separator  d i sc  
located 19. 16 in. from base of rocket 
motor and a fair ing extending f r o m  aft  
end of disc  to  f l a r ed  skirt .  

Flow separa tor  d i sc  diameter 
Flow separa tor  d i sc  thickness 
Fair ing diameter  

Tower,  T z l  

Total  length 
Diameter of longitudinal m e m b e r s  
(4 m e m b e r s )  
Diameter of c r o s s  braces  
Diameter of diagonal braces  
Distance between attachment points 

Command Module, C 19 

Max. diameter  
Radius of spherical  blunt end 
Corner  radius 
Nose cone semiangle 
Nose cone ver tex radius 
Fronta l  a r e a  

Apex was modified within the confines 
of the tower l e g s  to allow the osci l la-  
tion center of the balance to  be positioned 
on the design center of gravity of the 
full- sca le  vehicle. 

279. 65 in. 
26.00 in. 

2. 00 in. 
30.00 deg 
54. 60 in. 
36.92 deg 
28. 87 in. 

65.00 in. 
2.00 in. 

51. 08 in. 

116. 10 in. 

3.40 in. 
2 .  49 in. 
2.49 in. 

50. 18 in. 

154.00 in. 
184. 80 in. 

7. 58 in. 
33.00 deg 
15.40 in. 

129. 35 f t 2  
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IV. TEST PROCEDURE 

TEST NOMENCLATURE 

The following nomenclature was used during this  investigation. 

A 

a Maximum body diameter ,  f t  

Maximum cross-sectional a r ea ,  ft2, - Q a 2  4 

F r e e - s t r e a m  static p r e s s u r e ,  lb/f t  2 P 

q *  F r e e  - s t r e a m  dynamic p r e s  s u r  e ,  lb / f  t 

a Angle of a t tack of model centerline,  deg or  radians 

a Rate of change of angle of attack, rad ians /sec  

V F r e e - s t r e a m  velocity, f t / s e c  

M Mach number 

0 Angular frequency of oscillation, rad ians /sec  

k Reduced frequency pa rame te r ,  - 
R Reynolds number based on a 

0 1  
V 

9 Angular velocity in pitch, radians / s e c  

4 Rate of change of pitching angular velocity, radians / s e c  2 

3 

I Moment of iner t ia ,  slug-ft" 

Cm Pitching moment coefficient, p 

Cmq t Cm. 

itching moment 

Damping-in-pitch parameter  per radian 
qrx, A !  

a 

- k2Cm Oscillatory longitudinal stability parameter  p e r  radian cma 9 

- 5 -  
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\\ 

MODEL INSTALLATION 

The FD-2  model was installed on the NASA 1600 inch-pound dynamic 
balance (Drawing 401896) that was mounted on a s t ra ight  sting containing the 
oscillating mechanism. The drive motor,  clutch r e so lve r s ,  and frequency 
generator were  all contained in  the downstream end of the st ing,  which was 
stiffened to provide a resonant frequency above the maximum oscillating 
frequency of the model. 
maximum stiffness of all dr ive linkages so that the model responded only 
to the essentially sinusoidal forcing input of the crank and Scotch yoke. 

The oscillating mechanism was designed to  provide 

The model was mounted s o  that the sting centerline and command 
module axis of symmetry  formed a n  angle of 8 degrees  to  allow testing 
through angles of a t tack of -20 to t8 degrees.. 
support sys tem,  which i s  mounted on a horizontal s t ru t  extending f r o m  
wall to wall, was fitted with a special knuckle to allow pitching of the model 
in the ver t ical  plane. 

The  tunnel basic  sting-type 

INST RUMENTAT ION 

The NASA 1600 inch-pound dynamic pitch balance was used to measu re  
the moment and displacement functions a s  the model was mechanically 
forced to oscillate in a single degree of freedom. 

In operation of the sys tem,  calibrated outputs of the moment  and dis- 

The reso lvers  t rans-  
placement s t ra in  gages a r e  passed through coupled electr ical  sine-cosine 
reso lvers  that rotate a t  the frequency of oscillation. 
fo rm the outputs into orthogonal components f r o m  which the resultant 
applied moment and displacement and the phase angle between them were 
found. With the known oscillation frequency, the aerodynamic damping 
and oscil latory stability moments a r e  computed. 

All data were  computed on a remotely located IBM 7090 computer. 

DATA REDUCTION AND CONSTANTS 

All data were reduced and presented in standard NASA coefficient 
f o r m  re fe r r ed  to the body system of axes  originating a t  the oscillation 
center.  The equations used in  reducing the data a r e  a s  follows: 

C - System damping moment in. - l b / r a d / s e c  
K - System spring constant, in. - l b / r a d  

- 6 -  
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Caero = Crun - Ctare, where Ctare  = constant 

where 

qm = 0.7.p M2 

stagnation p r e s s u r e  
2 3. 5 P =  

( 1  t 0. 2M ) 

0 
(49.0236) d G  

V =  ; Tt = tunnel total t empera ture ,  R 
2 3. 5 (1  t 0. 2M ) 

lb -sec  ; p =  viscosity,  22 q, Reynolds number = 
PV ft2 

The following were constants for the tes t :  

1 = 0.  7058 f t  

2 
A = 0. 3912 f t  

DATAACCURACY 

The est imated probable e r r o r s  of the aerodynamic t e s t  conditions for 
this  t e s t  a r e  as follows: 

k, radians *O. 0001 

M * O .  005 

R * O .  005 x l o 6  

a , degrees  kO.2 

- 7 -  
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\ - 

The ability of the forced oscillation equipment and instrumentation 
used to measu re  accura te ly  the sys tem damping and stability moments i n  
these tes t s  is  d iscussed  in  Reference 6. These  accurac ies  in measuring 
applied moments ,  based on repeatability in measuring the wind-off o r  
tare moments of the model and mechanical sys t em when t rans la ted  t o  
coefficient f o r m  using the dimensions of the 0. 055-scale Apollo models,  
give these  probable coefficient accuracies  : 

- k L C ,  kO.03 
cma ;1 
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Figure 6 .  L E V  With Flow Sepa ra to r  D i s c  
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Figure  7. LEV Without Flow Separator  Disc 0 
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F i g u r e  8. Typical Schl ierens of E52T21C19 Configuration 

a t  M = 4.65 and R = 2.63 x 106 
0 
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a = -4 DE 

Figure  9. Typical Schl ierens of E51T 21Cl9 Configuration 

at M = 3 .00  and R = 1 .97  x 10 6 
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F i g u r e  10. Typical Schl ierens of E5 1 T21Cl9  Configuration 

at  M = 3.50 and R = 2. 36 x 1 0  6 
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Figure 11. Typical Schl ierens of E5 1 T2 1C 19 Configuration 

at M = 3.96 and R = 2 . 0 5  x 10 6 
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F i g u r e  12. Typical Schl ie rens  of E5 1 T 2  lC19 Configuration 

at M = 4.65 and R = 2 . 6 3  x 1 0 6  

- 20 - 
SID 63-197 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION S Y S T E M S  DIVISION 

V. REFERENCES 

1. Data Report for  Langlev 8-Foot T P T  Wind Tunnel Tes t s  (Pro iec t  233) 
of Apollo Model (FD-2).  NAA S&ID SID 62-1065 (24 August 1962). 

2. Data Report f o r  L a n d e v  Unitarv Plan Wind Tunnel Tes t s  (Proiect 3491 
~~ 

of Apollo Model (FD-2). NAA S&ID SID 62-536 (28 May l962) .  

3. Data Report  fo r  Langley Unitary Plan Wind Tunnel Tes t s  (Pro jec t  374) 
of Apollo Model (FD-2). NAA S&ID SID 62-1074 (24 August 1962). 

4. Data Report for  Tes ts  of a 0.055-Scale Apollo Dynamic Stability Model 
(FD-2) in the Low Mach Leg of the Langley Unitary Plan Wind Tunnel 
(Pro jec t  398). NAA S&ID SID 63-96 (April 1963). 

5. Data Report  fo r  Tes ts  of a 0.055-Scale Apollo Dynamic Stability Model 
IFD-2) to Determine Flow SeDarator Effects - Langlev 8-Foot Transonic ~ ~ L - . ~ - - . ~  o~ ~, - - - - - - - _ _ _ _ _  
P r e s s u r e  Tunnel (Pro jec t  258). NAA S&ID SID 63-163 (April 1963). 

6. Dynamic-Longitudinal and Directional Stabilitv Derivatives for  a 
45-Degree Sweptback- Wing Airplane Model at Transonic Speeds. NASA 
TM X-39 (August 1959). 

7. Structural  Analysis of the 0.055-Scale Apollo Wind Tunnel Models. 
S&ID SID 62-103 (16 February 1962). 

NAA 

- 21 - 
SID 63-197 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

APPENDIX A 

PLOTTEDDATA 

A -  1 
SID 63-197 



0 N. I N c.  (@ SPACE and INFORMATION S Y S T E M S  DIVISION N O R T H  A M E R I C A N  AV AT 

(Disc On) 
(Disc O f f )  

i 
. . . . . . . .  1 

. .  

-A-_ 
I 

. (  

. . . . . . . .  : . : . I  
I 

4 

2 
. : : !  

. . . .  4 

-2 

- 4  

-6 
. . . . . . .  
, * , I  * . ,  
ti-. I 1 -  ; 
* , , ,  . , .  
. . , ,  . .  . . . . . . .  
. . . . . .  - 
, ! ; :  : . :  . . . . . . .  . . . . . . .  . * . .  . * +  
. , I ,  . a .  4 . . . . . . .  , . . I . .  

I 

I . . . . l . . , . I . . . . I  . . . .  1 

Cma- k*C,;I 
per radian 1 - ,  , :  

, I * ,  . . . . . . .  ! ; : :  : : : :  
* , .  , , , ,  . . . .  . . . . . . . . . . . . . . .  
, .  I , , . ,  , , * I  . .  

-20 -I5 -10 - 5  0 5 

Angle of ottock ,a ,deg 

IO 

Effect of Flow S e  p a r a t o r  Oisc on Dynamic Stabi l i ty  Character is t ics  
Launch Escape Configuration, M = 3.00 R = I .94 x IO6 

A - 2  
SID -63- 197 



N O R T H  A M E R I C A N  A V I A T I O N .  I N C .  SPACEand INFORMATION SYSTEMS DIVISION 

w 

6 

4 

2 

C +Cm; 
0 mq 

per radian 

-2 

- 4  

-6  

I 

0 

per radian- 
- I  

- 2  - 

0 Run I - ES2T2, C I 9  (Disc On) 
0 Run 2 - E5, T,, C,, (Disc Of f )  

. . . . . . . . . . . . . . . .  , I . .  . . . .  
/ I , .  * # O  ~ / . . . .  . . . .  . . . .  . . . . . . . .  I . . ,  . . . .  , I : ,  . . . .  

C c r c -  .... * * f  . --- - . .  ..--lLL! . *+. . 
; i \ ;  . . . . . . . . . . .  

. . . .  0 , .  . . . . . . . . . . . . . . .  
? . .  c. . . . . . . . .  , / . ,  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  , , . ,  . .  . . . . . . . . . . . . . . .  . . . .  
" "  , ( : '  . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . .  
\ , < I  I . . . . . . . . . . . . .  

- 
. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  -- ..-. * .__. . .  . _ .  . . . . .  -.. . . .  . *  
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  : : ; I :  . . . . . . . . . .  . . . . . . . . .  . .  , . .  . . . . . . . . . . . . . . .  . . I :  
;- 
. . . . . . .  

, . , .  - - - -  - - .  . 
. , . , . , . 
. . . . . . . .  . . . . . . . .  . . . . . . . .  
. . . . . . . .  
( $ 1 ,  I , . .  . . . ,  . . . .  
. . . . . . . .  - - - -  . I - -  . . . . . . . .  . . . . . . . .  
. . . . . . . .  z . . . . . . .  

0 

' ; ~ # # 
. . . . . . . .  
. . . . . . .  . . . . . . . .  
. . . .  . .  ._ . -  . . . .  
. . . .  
. . . . . . .  . . . .  
. . . . .  

-15 

. .  . . . . . . . . .  
. . , .  
. . . . . .  . .  +s- . .  

. . . . . . . .  

. . . . .  
I ,  . . . I  

, .  

- 10 -5 0 5 

Angle of attack ,a ,deg 

/ I  
I t ,  Negative damping 
. . . . . . . . . . . . . . .  
* . . . . . . . . . . . . . . . .  

1 Positive damping : . .  .\ 

. . . . . . . . .  

. . . .  , . . . .  

. .  I .  , 
, . .  

. .  
I " "  

. . .  
. .  , 

. , .  . .  

.......... 

. . . . .  

. . .  

; Unstable 
I 

Stable 
. . . . . . . . .  

. . .  

. .  

. . . . .  -. 

. .  

10 

E f f e c t  of Flow S e p a r a t o r  D isc  on Dynamic Stab i l i ty  Character is t ics  
Launch Escape Configuration, M = 3.50 R =  2.36 x IO6 

A - 3  - SIO- 63- 197 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

0 Run I - E52T21 C,9  
0 Run 2 -  E 5 1 T 2 1 C 1 9  

(Disc On) 
(Disc O f f )  

... -. ..... 6 

4 

2 

0 

- 2  

- 4  

- E  

I 

C 

- 

- e  

. . . . .  

, .  . . . .  1 . . . .  
. . . .  . . . .  1 .  

I . . .  . *  
I " '  
4 

. . .  

. . . .  

1 1  , . .  

----..- -. . . . . . . .  . . . . . . .  
, t . /  , . , .  
. . . .  , * I ,  

"" ' 1 ' '  . , . . , . , I 

d . , .  , .  . 
. . . . . . . .  
. . , .  / , . .  
. , I .  , , . ,  . . . . . . .  
, . I .  , , . .  . . . . . . . .  . . . . . . . .  
. , . .  , , , .  - *c+ * - .  . . . . . . .  . . . . . . . .  . . . . . . .  

t. . ,--c* 

I : . .  
. . . .  

, . t ,  

I . , .  

. . . . .  

. . . .  
--+--- - y.:; . . . .  ! :  . .  

" I  
. . . . . . .  . . . . . . . .  

. , . . I  . . . .  . . . .  . . . .  I : : :  

- - * _ _ - -  
. I  

. .  , 

. .  

. . . .  * . . . .  . . . . .  

. .  

. - Negative damping ; 

. . .  

. .  

. . .  I .  

c +c,; 
mq 

per rodian 

-1 { Positive damping : 

; ; ; ; 

. , . ( . . . . I . . .  / .  . .  . . . .  I " "  . . . .  

i f : ; -; . . . . . . . .  . . . .  . . . .  

. . . .  I .  . .  

. . . .  , . . . .  
. #  

. .  I 

' t  0 . .  
1 . .  

. .  I 
. . . .  . . I  

j ; :?+$ 

-20 -15 - \O -5 IO 

e Angle of ottock ,Q ,deg 
Ef fec t  o f  Flow S e p a r a t o r  Disc  on Dynamic Stab i l i ty  Character is t ics  

Launch Escape Configuration, M = 3.96 R = 2 . 0 5  x \06 
A - 4  

S I D - 6 3 -  197 



PRELIMINARY 

per radian 

per radian 

6 

4 

2 

0 

- 2  

- 4  

-6 

I 

0 

- 

- 2  - 

0 Run I - E,,T,, C,, (Disc On) 
0 Run 2 -  E,, T2,CI9 (Disc O f f )  

( , . I  . . . .  
, . , /  . . . .  
I . . ,  * . . ,  . . . . . . . .  . . . . . . . .  
. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  

0 -I 5 -IO -5 

I , + ,  . . . . . . . . . . . .  
* , I ,  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
( , . .  . . . . . . . . . . . .  
+ * * ,  Jq .... . . * .  ... - 

. . . . . . . . . . . .  . . . . . . . . . . . . . . .  

; ; 
. . . . . .  

I 

ti 
, . . . I . . .  
. .  --I-- . . .  
. .  I 
. . .  

f , I  ! Negative dmping  j 
, I . . / # , . *  . .  . I . . . ,  
: : Positive damping : 

. . . . . . . . . . . . . . .  

, 1  

/ I . . (  . . . .  
~ + , .  . . . .  * * * . .  .... 
1 : : :  I : : : :  

- 1 .  j j -. j j 1 ; : : .  . . .  

; A  ~: j I 1 ; ;  j ;!; . . . . . . . .  , I . ,  

, . I I  i , . ,  . , .  . . . . . . . .  
I , . .  

. I . .  . . * .  . . . -  

. . . . . . . .  

. . . . . . . .  &- . . . . . . .  

, . . . I  . .  
, . , . . ( . . . .  

\I I I 1 

K&I 

7- 

. . . . . . . .  . . . .  

J 

Angle of attock,a,deg 
Ef fec t  of  Flow S e p a r a t o r  Disc on Dynamic Stab i l i ty  Character is t ics  

Launch Escape Configuration, Mz4 .65  R=2 .63  x IO6 

A - 5  
S I O - 6 3 -  197 - 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  1 '@\ ( SPACE and INFORhIATION S Y S T E M S  D I V I S I O N  

\ I  

APPENDIX B 

TABULATED DATA 

B-1 
SID 63-197 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  \ \ SPACE and I N F O R h l A I ' I V N  S Y S ' I ' E M S  U I V I S I V N  

RUN INDEX 

Run Configuration Mach No. 
Angle Range 

(deg) 

1 

3.00 
3. 50 
3. 96 
4. 65 

, 

2 

E52T2 lC 19 
(launch escape 
vehicle, disc on) 

E5 1 T2 lC  19 
(launch escape 
vehicle, disc 
off) 

3 .00  
3 .  50 
3 .  96 
4. 65 

-20  to t 8  
-20 to t 8  
-20  to t 8  
-19 to t 7  

-18 to t 4  
-18 to t 4  
-18 to t 4  
-19 to t 7  

R x 

1. 91 
2. 36 
2. 05 
2. 63 

1. 97 
2. 36 
2. 05 
2. 63 

Page 

B - 4  
B- 5 
B- 6 
B- 7 

B-  8 
B- 9 
B-  10 
B-11  

Item o r  
Column Heading 

Config 

Velocity 

Q 

R 

Theta 

n: c n  r 

Beta 

Alpha 

k 

Y I "  

DATA FORMAT 

Definition 

F ree - s t r eam velocity, f t / s e c  

F r e e  - s t r eam dynamic p r e s  su re ,  lb/f t2  

Reynolds number x 
reference length of 0. 706 ft  

based on a 

Phase angle between driving torque 
and model displacement, deg 

Angle of sideslip,  deg 

Angle of attack, deg 

w &  Reduced frequency parameter ,  - 
V 
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Item or  
Column Heading 

CMQ 

CMA 

Definition 

Damping -in -pitch parameter  pe r  
radian, Cmq t Cm oc 

Oscillatory longitudinal stability 
parameter  per  radian, C 2 

- k  c"s m a  
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W 
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